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FARADAY ROTATION OF RADIOWAVE POLARIZATION PLANES *

1V UZ, Radiofizika by

Tom 8, No. 6, 1063 -1068, V. 4, Razin &

Izd., Gor'kovskogo Univ., 1965 V.V, Khrulev
SUMMARY

This paper studies the depolarization of cosmic radio emission
caused by the dispersion of Faraday rotation of radiowave polarigzation
planes and the finite width of the apparatus' pass band.

General expressions have been derived, which link the position
angle and the degree of polarization of radiowaves with the frequency cha-
racteristics of the receiver,

The results of calculations of the degree of polarization are given
in the form of formulas and graphs for a series of prevalent circuits.
So long as the degree of polarization has a notable value (>0.05), the
position angle varies only by a few degrees when the pass band width of
the receiver varies by 1 -4 2% of resonance frequency.

L
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When the linearly polarized radio emission propagates in the inter-
stellar medium, in interplanetary space and terrestrial ionosphere, the
polarization planes of radiowaves undergo the rotation phenomenoan (Faraday
effect), The rotation angle of the polarization plane is inversely propor-
tional to the square of the frequency; this is why at sufficiently great
value of the Faraday rotation the radiowaves with frequencies within the
range of apparatus' pass band are found to be polarized in different planes
at the reception spot, and the radio emission is depolarized [1 - 3]. The
knowledge to what extent the polarization of cosmic radio emission is then
decreased is prerequisite for a correct selection of the width of receiving
apparatus'! pass band, particularly when the polarized measurements are con-
ducted by the method of latter's modulation [2 = 3]. Besides, knowing the

® Depolyarizatisya kosmicheskogo radioizlucheniya iz-~za dispersii faradyev-~
skogo vrashcheniya ploskostey polyarizatsii radiovoln.
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dependence of the degree of polarization on the pass band width of the
apparatus, it is possible to determine the magnitude of the Faraday rota-
tion of the polarization plane of cosmic radio emission over its path
from the sources to the observer [4]. '

The depolarization of radio emission on account of dispersion of
the Faraday effect has been discussed in the works [2 = 5]. Several simplest
cases were considered in these works : the frequency charactristic of the
apparatus was approximated by the resonance curve of a unique ecircuit (2, 3],
by the Gaussian curve [4], assumed rectangular [5], and the radiation inten-
sity in the apparatus' pass band was at the same time estimated constant.
This questior is amalyzed in this work at further length, The degree of po-
larization of radio emission is, in particular, computed in the assumption
that the apparatus' pass band is determined by a few cascades tvned to a
single frequency, or by groups of two or three mutually detuned cascades.

It is rather difficult to compute in its general form the factor
determining the depolarization of cosmic radio emission on account of the
Faraday effect dispersion, for the polarization planes of radiowaves inci-
dent from various directions within the bounds of the main lobe of anten-
na radiatiom pattern rotate by various angles. It should however be taken
into account that the difference AY of rotation angles of waves! polari-
zation planes, with frequencies differing by Av is equal to 2W,Av/v, in the
~case when _Avéivo , Y» being the mean frequency), and is much less than '92,
which is the rotation angle of the polarization plane of radio emission with
frequency v, . Differences of the order of ome radian in ‘kg affect 1little
the quantity AY.That is why we shall postulate the following: 1) in the
Galaxy region the Faraday rotation is absent; 2) the antenna radiation
pattern is so narrow that the difference in the rotation angles of polari-
zation planes of waves incident from various directions may be neglected.
We shall moreover assume that the effective spectrum width of the received

radio emission is )
(Av)npdb \< Y-

The Stokes parameters for a linearly polarized cosmic radio emission
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in the interval of frequencies dv will be written in the form

dl = F) Te) dv,
dQ = F(v) T() cos(Zy (M) d
dU =FQ) T(v) sin(2y (v)) d +,
dV =0,

where F (v) is the energetic frequency characteristic of the receiving ap-
paratus, T (v) 1is the equivalent brightness temperature of the linearly
polarized component of cosmic radio emission in the frequenmcy v, X(¥)is the
radiation's position angle in the frequency v. The Stokes parameters of
radio emission received by the apparatus are found by»way of integration of
the expressions (1) over the frequency.

Taking into account the above assumptions, and assuming also that
’I‘(v)«év"‘, where a« 1is the spectral index, we may write the following expres-
sions for X(v)Jand T (¥) :

X(v) & oy — 20, T2 | (2)
Y

A T AP i

v,

(3

where X, and T, are the values of X(v and T (v) in the frequency v
Let us introduce the denotation

o.

-2, LT g (1

L0 s
and assume for simplicity %o = O. The Stokes integral parameters may be
written in the form

— yo’l'ﬂ ": ) — .I‘)Vn "‘ e . &
I= o, J I(E)( mlr )” = S FO L ®)

W, o

v b

= :‘.‘iﬂ ( FEY( 1] _aE B lt = '/" - i ’( ) A NTEH 6)
2}“‘_0 | oV, COS(2€) ¢ o con (28) (6
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1}

n“n"

“u/u 2 .
= s /()(c+ \v) i (28) k= z‘l"

g'm) Esin(28) 5 (7)

When passing to the final expressions (5) — (7), it was assumed that



F¢)y is an even function, decreasing sufficiently rapidly with the increase
of § (this allowed to estimate the integration limits as infinite).

‘ The position angle X and the degree of polarization of radio emission
P are linked with the Stokes parameters (5) -« (7) by the correlations *

1y (‘.Z‘X_i = U/qQ, (8)
P =TT "

In the case considered formulas (8) and (9) may be considerably sim-
plified, since the parameter U <& Q so long as the degree of polarization
of radio emission has a noticeable value. Let us illustrate this on examples
of Tl- type and Gaussian energetic frequency characteristics of the apparatus.
In the example with the J[ - type frequency characteristic F (§) == 1 at
AW[2 <8 < AW/2 and F (E) =0 at |i| > AW/2, where AY is the difference in
wave polarigzation planes' rotation angles, wher the waves have the extreme
frequencies in the apparatus' pass band (v, | Av/2). According to formulas

: - To oAV
o,

Q= Lo i (AY)

2‘"0 § ’
1) = '/QT:‘ SINAW) [1 — AW ¢tz (A1),
{
The ratio
U/ a

00T [1 — AW clg (ANN)], (10)

at ‘W>»1, AW~1 and & ~ 3 is much less than the unity, as may be easily
seen, although the radiation depolarization is then already manifest on
account of Faraday dispersion,

In the example with the Gaussian frequency characteristic of the
apparatus F()= cxp(---a?t?), where «®='2In2/1W2(Av)?. is the half-width of the
pass band at the level 0.5 by power. In this case the ratio is

(Ao — an

where (AVr),, = 2W, Av/v,, is also small at.(A‘l’)n_s~1., inasmuch as Av/v,, ' P

* gee for example [6].
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Therefore; for the calculation of the polarization characteristics
of the radiation we may use instead of formulas (8) and (9) the simpler
correlations :

y = %; ' L)

L
2
])_..I Jl_“

F(®) cos (QE)dEI 5{ F(§) dE) (13)

The expression (13) was utilized in the work [2] without detailed substan-
tiation,

We compiled in Table 1 the results of calculations of the depolari~-
zing fastor, using the formula (13) for a series of frequency characteris-
tics of the apparatus indicated in the first column of the Table. In the
second column we brought out the expression for the normalized energetic
characteristics of the apparatus. The quantity « = (Av)../v., where (Av),, is
the energetic pass band width, is equal by the definition to ‘I(ddv

In the third column of Table 1 we brought out the formulas determi-
ning the depolarization factor P. The quantity AV is equal to difference
in the rotation angles of waves' polarization planes, whose frequencies dif-
fer by (Av),,» that is,

Aqr=:2q%(éﬁﬂ:, 43Y10’N//.1(A¥ﬂ2

Yo Yo

Here N is the electron concentration in the medium inducing the rotation;
it must be expressed in cm'3 and H) is the longitudinal component of the
magnetic field expressed in oersted, [ is the extension of the region oc-
cupied by the magnetoactive medium in the direction of radiation propagation,
expressed in centimeters and VvV, 1is the resonance frequency of the appara-
tus, expressed in cps. We have given in the last column of the Table 1 the
ratios of the apparatus' pass band width at 0,5 level by power to the band's
energetic width, allowing to pass in formulas for P from (Av),, to (dv),-,
for usually (Avls is precisely the quantity being measured directly.

Figures 1 and 2 show how the degree of radiation polarization varies
as a function of AY¥.If the apparatus' pass band is determined by several
cascades tuned to a single frequency, for the computation of the depolarized
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radiation on account of the Faraday effect dispersion the frequency charac-
teristic of the apparatus may be approximated by the Gaussian curve. If there
are several groups of mutually-detuned
cascades, the Il -type characteristic is
quite satisfactory. Let us underline that

at strong radiation depolarization (P < 0.05)
the values, computed according to formulas
of Table 1 and plotted in Figs. 1 and 2,

may strongly differ from the exact values,
which ought to be computed by the formula

(9). However, these exact values of P do
not offer interest because of the smallmess

§:§«;~ ele. ; fnggila‘::::: i:: ?:m AY: of the degree of radiation polarization,

1- two pairs od disturbed cas- Let us still pause on the question

cades; 2 — two triplets of samefy of the position angle's dependence on the
3~ M~ type frequency character-~

]
istie. apparatus's pass band width. As may be seen

from formulas (10), (11) and (12), the va-
riations of the angle X at values Q> 005 and Av/v°~1o'," do not exceed a

a few degrees, Thus, the dependence of X on Av may usually be neglected.

/
{

081

08

o Fige 2. -~ Dependence of the degree of pola-
rization P on AVY:

0'[‘ ——— e ]

02 1l ~ one=circuit cascade; 2 - four one-cir-
cuit cascades, tuned to a single frequency;

N e SN 3 = Gaussian frequency characteristic.
0 ! L 3 4 J !
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